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Appendix A. The history of the Stone and Kelsey murders and Bloody Island
Massacre as told by William Ralganal Benson.

This version was taken from the Elem Indian Colony website,
http://www.elemnation.org/bloodyisland.htm. Errors in spelling and punctuation were not
corrected, as they may be part of the original version. The first published version is likely to
have been found in ‘The Stone and Kelsey “Massacre” on the Shores of Clear Lake in 1849’ by
W.R. Benson. “California Historical Society Quarterly”, Vol. 11, pp. 266-273, 1932.
Introduction by P. Radin. The introduction in the paragraph below is an incomplete excerpt from
the introduction by P. Radin.

Introduction:
The writer, William Benson has at various times been informant and interpreter for most

of the American anthropologists who have visited Lake County. He was born about 1862 near
Lakeport, then very thinly settled by whites. He is a Pomo, and has been hereditary chief of both
the Xolo-Napo and the XabopNapo divisions of his people. His Pomo name is Raganal, which
means the "Wampum Gatherer" His family name (Benson) comes from LIZ father, a white
settler, who followed the practice of some early squaw men or' abandoning white life entirely
and residing permanently in the Pomo village. He died when his son was a mere child, and
Benson there fore spoke only Pomo in his youth. Benson bears a high reputation for integrity and
reliability. He is wholly without formal schooling, and his knowledge of English was picked up
almost entirely by ear. However he taught himself to read as well, so that to some extent, his
purely-phonetic spelling has corrected it self. Not only were reading and writing self acquired
but also the use of the typewriter. Benson used it in the manner approved of those unfamiliar
with business schools and innocent of the touch system. The preparation of this (the following
narrative) was entirely his own idea and the story is here reproduced precisely as he wrote it. His
original typescript is now on file in the Bancroft library, of the University of California.

The Wampum Gatherer's Narrative

The facts of Stone and Kelsey Massacre, in Lake County California. As it was stated to
me by the five Indians who went to stone and Kelsey's house purpose to kill the two white men,
after debating all night. Shuk and Xasis. these two men were the instigators of the massacre. it
was not because Shuk and Xasis had any Ill feeling towards the two White men, there were two
Indian villages, one on west side and one on the east side. the Indians in both of these camps
were starving. stone 6 and Kelsey head would not let them go out hunting or fishing. Shuk and
Xasis was stone and Kelsey head riders looking out for stock. cattle horses and hogs. the horses
and cattle were all along the lake on the west side and some in bachelors valley, also in upper
lake. so it took 18 indian herdsman to look after the stock in these places. Shuk and Xasis was
foreman's for the herds. and only those herds got anything to eat. each one of these herders got 4
cups of wheat for a days work. this cup would hold about one and a half pint of water~ the wheat
was boiled before it was given to the herders. and the herders shire with their families. the
herders who had large families were also starving. about 20 old people died during the winter or
from starvation. from severe whipping 4 died. a nephew of an indian lady who were living with
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stone was shoot to death by stone. the mother of this young man was sick and starving this sick
woman told her son to go over to stones wife or to the sick woman's sister. Tell your aunt that I
am starving and sick tell her that I would like to have a handful of wheat. The young man lost no
time going to Stones house. The young man told the aunt what his mother said, the lady then
gave the young man 5 cups of wheat and tied it up in her apron and the young man started for the
camp. Stone came about that time and called the young man back The young man stopped Stone
who was horse back rode up to the young man took the wheat from him and then shot. The
young man died two days after. Such as whipping and tying their hands together with rope. The
rope then thrown over a limb of a tree and then drawn up until the indians toes barely touched
the ground and let them hang there for hours. This was common punishment. When a father or
mother of a young girl was asked to bring the girl to his house by stone or Kelsey, if this order
was not obeyed he or her would be whipped or hung by the hands. Such punishment occurred
two or three times a week and many of the old man and woman died from fear and starvation.
These two white men had the indians to build a high fence around THEIR village and the head
riders were to see that any indian went out side of this fence after dark. If anyone was caught out
side of this fence after dark was taken to Stone and Kelsey's house and there was tied both hands
and feet and placed in a room and kept there all night. The next day was taken to a tree and was
tied down, then the strongest man was chosen to whip the prisoner. The village on the west side
was the Qn-Lah-na-poh tribe the village on the east side, Xa-BahNa-oh tribes. The starvation of
the indians was the cause of the massacre of Stone and Kelsey. The indians who was starving
hired a man by the name of Shuk and another man by the name of Xasis to kill~ a beef for them
Shuk and Xasis agreed to go out and kill beef for them. The two men then planned to go out that
night and kill a beef for them. Their plan then was to take the best horses in the barn. Stones
horse which was the best lasso horse. So between the two men, they agreed to take both Stones
and Kelsey's horses. So the two men went to Stone's and Kelsey's house to see if they had went
to bed. It was raining a little, moonlight now and then. They found Stone and Kelsey's horses and
saddles. Shuk wanted to do the job in the day time but Xasis said Stone or Kelsey would sure
find them and would kill the both of them. Shuk said then somebody is going to get killed on this
job. So anyhow they went ~t west they knew where a large band was feeding then soon rounded
the band up and Shuk was to make the first lasso Xasis was good on lashing the feet of an ox so
he was to do the foot lassoing. Shuk said to Xasis get ready I see large one near, hurry and come
one. Shuk got a chance and threw the rope on the large ox Xasis came as quick as he could the
band then begin to stampede, the ox also started with the band, the ground was wet and slippery
and raining and the ox got away. Oasis tried to lasso the horses but could not get near it to throw
the rope on. The horse soon found the other horses and it was the much harder to get the horse,
so the chase was given up. The two went back to the camp and reported to the people who hired
them, told them the bad luck they had. Xasis then took the horse he had back to the barn which
was Kelsey’s horse. All the men who hired Shuk.an4xasis was gathering in Xasis horse. They
said Stone and Kelsey would kill them as soon as they would find out that the horses was taken
without them knowing. One man got up and suggested that the tribe give Stone and Kelsey forty
sticks of beads which means i6ooo be ads or 100 dollars, no one agreed. Another man suggested
that he or Shuk tell Stone or Kelsey that the horses was stolen,. On one agreed. And another man
suggested that the other horse should be turned out and tell Stone and Kelsey both horses were
stolen, no one agreed. Everything looked bad for Shuk and Xasis. No one agreed with Shuk and
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Xasis to kill the two white men at daylight one man agreed to go with Shuk and Xasis, his indian
name 13a-tus was known by the whites as Basi. and a little while later Kre-nas agreed, and as the
four men start out another man joined the Shuk Xasis band, Ma-laxa-Qo-Tu. While this debate
was going on the hired or servants boys and girls of Stone's and Kelsey's were told by Shuk and
Xasis to Carrie out all the guns, bows, and arrows, knives and everything like weapon was taken
out of the house by these girls and boys so the two white men was helpless in defense. So Shuk
and Xasis knew the white men did not have anything to defend themselves with and they were
sure of their victims. So the five men went to the house where Stone always built a fire and a
large pot in which he boiled wheat for the indian herders (about 16 of them) These five men
waited with the pot full of fire which was taken from the fireplace and said to the indians what's
the matter you boys came early this morning, something wrong? The indians said oh nothing we
hungry that's all. Qka-Mas, or Coyote Jim as he was known by the whites, said to the men, I
thought you men came to kill this man. Give me those arrows and bow. He jerked the bow and
the arrows away from Shuk and drew it as he did Stone rose quickly and turned to Qka-Mas and
said what are you trying to do Jim, and as Stone said it the indian cut loose. The arrow struck the
victim in the pit of his stomach. The victim immediately pulled the arrow out and ran for the
house, fighting his way, he broke one mans arm with the pot he had and succeeded in getting in
the house and locking the door after him. A little later Kelsey came and noticed the blood on the
doorstep, the indians advanced. Kelsey seen that the indians meant business, he said to them, no
matter Kelsey. Kelsey -Bueno hombre para nosotros, The indians charged and two of the indians
caught Kelsey an4 the fight began. In this fight Kelsey was stabbed twice in the back . Kelsey
managed to brake loose. He ran for the creek and the indians after him. A man by the name of
Qa-sis or blind Joe as he was known by the whites was in pursuit, shot Kelsey in the back.
Kelsey managed to pull the arrow out just as he got to the creek and jumped in the water dove
under and came out on the other side of the creek, where several indians were waiting. There was
one man Kelsey knew well, he thought who would save him. This man was Joe Sufis, indian
name Ju-Luh. He begged Joe to save him. Joe he could not save him from being killed Joe said
to Kelsey its too late Kelsey, if I attempt to save you I also will be killed. cannot save you Kelsey
was getting weak from loss of blood. Big Jim and Joe had Kelsey by the arms. Big Jim said to
his wife. This is a man who killed our son~ This this spear, now you have the chance to take
revenge. Big Jim's wife took the spear and stabbed the white man in the heart, this woman's
name was Da-Pi-Ts. The body was left laying there for the coyotes. This happened on the east
side of the creek. While this was going on. Xasis and QraMas was trailing the blood up stairs for
a hour almost. Qra-Mas said they crawled up stairs breathless thinking that Stone was yet alive.
They opened the door of a wheat bend saw Stone's foot. Qra-Mas drew his arrow across the bow
ready to cut loose, for a moment they watched the lifeless body. Xasis discovered that the body
was dead. They then took the body and threw it out the window, and then they called all the
people to come and take what wheat an4 corn they could pack and take to a hiding place where
they could not be found by the whites, so the indians of both villages came and took all the wheat
and corn they could gather in the place and then went to hide themselves. Some went to Fishers
point and some went to Scotts Valley. The men went out to kill cattle for their use and every man
who was able to ride caught himself a horse. In around the valley and Upper Lake and Bachelor
valley. There was about one thousand head of horse and about four thousand head of cattle's, so
the indians lived fat for a while. Qra-Nas and Ma-Laq-Qo-Tou was chosen to watch the trail that
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came from Lower lake And Shuk and Xasis was watching the trail on the west side of the valley.
Yom-may-nah and Ge-we-lah were watching the trail that came from eight mile valley. Two--or
three weeks had passed, no white man were seen on either trail. On day, Qra-Nas and Ma-Lag-
Qe-Ton seen two white man on horseback come over the hill, they stopped on top of the hill,
they saw nothing stirring around Stone and Kelsey's places. No indians in the village. Qra-Nas
and Ma-Laq-Qe-Tou went around behind a small hill to cut the white men off. The white man
saw the indians trying to go around behind them the whites turned and went back before the
indians got in back of them so three or four days went by, no more white men were seen. One
day the lake watchers saw a boat come around the point. Some news coming, they said to each
other. Two of the men went to the landing to see what the news was. They were told that the
white warriors had come to kill all the indians around the lake. So hide the best you can. The
whites are making boats with that they are coming up the lake. So we are told by the peopled
down there. So they had two men go up on top of Uncle Sam mountain, the north peak from
there they watch the Lower Lake. For three days they watched the lake. One morning they saw a
long boat come up the lake with pole on the bow with red cloth and several of them came every
one of the boats had ten to 15 men. The smoke signal was given by the two watchmen. Every
indians around the lake knew the soldiers were coming up the lake. And how may of them and
these who were watching the trail saw the infantry coming over the hill from Lower Lake. Those
two men were watching from Ash Hill. They went to Stones and Kelsey's house. Prom there the
horsemen ride down toward the lake and the soldiers went across this valley toward Lakeport.
They went on to Scotts valley. Shoot a few shots with their big guns and went on to Upper Lake
and camped on Emerson Bill. From there they saw the indians camped on the island. The next
morning the white warriors went across in their long dugouts. The indians said they would meet
them in peace. So when the whites landed the indians went to welcome them but the white men
was determined to kill~ them. Ga-wi-Lih said he threw up is hands and said no harm me good
man. But the white man fired and shot him in the arm and another shot came and hit a man
standing along side of him and was killed. So they had to run and fight back, as they ran back in
the tulles and hid under the water, four or five of them gave a little battle and another man was
shot in the shoulder, some of them jumped in the water and hid in the tulles. Many women and
children were killed on around this island. One lady (a indian) told me she saw two white men
coming their guns up in the air and on their guns hung a little girl. They brought it to the creek
and threw it in the water. And a ]little while later two more men came in the same manner. This
time they had a little boy on the end of their guns and also threw it in the water. A little ways
from her she said laid a woman shot through the shoulder. She held her little baby in her arms.
Two white men came running toward the woman and baby. They stabbed the woman and the
baby and threw both of them over the bank into the water. She said she heard the woman say Oh
my baby! she said when they gathered the dead they found all the little ones were killed by being
stabbed. And many of the women were also killed by stabbing. She said it took them four or five
days to gather up the dead. And the dead were all burnt on the east side of the peak. They called
it the island creek (Ba-Dan-Bi-Da-Meh). This old lady also told about the whites hang a man on
Emerson Island this indian was met by the soldiers while marching from Scotts valley to Upper
Lake, the indian was hung and a large fire bunt under the hanging indian And another indian was
caught near Emerson Pith. This one was tied to a tree and burnt to death. The next morning the
soldiers started for Mendocino county. And there killed many indians. The camp was on the
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ranch now known as Ed Howell ranch. The soldiers made camp a little ways below, about one
half mile from the indian camp. The indians wanted to surrender, but the soldiers did no give
them time. the soldiers went in the camp and shot them do as though they were dogs. Some of
them escaped by going down a little creek leading to the river. And some of them hid in the
bush. And those who hid in the brush most of them were killed, and those who hid in the water
was over looked they killed mostly women and children. The soldiers caught two boys ages
about 14 or 15 the soldiers took them to Lower Lake, and then turned them loose when the
solders started the two boys back, they loaded them with meat and bard bread One said as soon
as they go out of site they threw the meat away and some of the bread also he said they went on a
dog trot for dear life. Thinking all the time that the soldiers would follow them and kill them. He
said they would side track once in a while and get up on a high peak to see if the soldiers were
coming he said when they got back that night they could nothing but cry. He said all the dead
had been taken across to a large dance house had been and was cremated. Witness, Bo-Dom, Jao
Beatti and Krao Lah, Indian name and old lady said her father dug a large hole in a bank of the
river and they hid in the hole. One old man said that he was a boy at the time he said the soldiers
shot his mother, she fell to the ground with her baby in her arms, he said his mother told him to
climb high up in the tree so he did and from there he said he could see the soldiers running about
the camp and shooting the men and woman and stabbing boys and girls. He said his mother was
not yet dead and was telling him to keep quit. Two of the soldiers herd her talking and ran up to
her and stabbed her and child. And a little ways from his mother, he said laid a man dying,
holding his boy in his arms the soldiers also stabbed him, but did not kill the boy, they took the
boy to the camp, crying, they gave it every thing they could find in camp but the little boy did
not quit crying, it was about three years of age, when the soldiers were a getting ready to move
camp they wrapped the boy up in a blanket and left the little boy setting by the fire wrapped up
in a blanket and was still crying, and that boy is alive today, his name is Bill Ball, now lives in
Boonville. One Old man told me about the soldiers killing the Indians in this same camp. He said
young man from the description he gave me must have been about 18 or 20 years of age. He said
he and another boy about the same age was taken by the soldiers and he said there were two
soldiers in charge of them. One would walk ahead and one behind them, He said the soldiers
took him and the other boy, they both were barefooted he said when they begin to climb the
mountain between Mendocino and Lake county. He said they were made to keep up with the
soldiers, their feet were getting sore but they had to keep up with the soldiers. When they were
climbing over the Bettleresk mountain their feet were cut by the rocks and their feet were
bleeding and they could not walk up with they soldiers. The man behind would jab them with the
sharp knife fixed on the end of the gun. Re said one of the soldiers came up and looked at their
feet and went to a box, opened it took a cup and dipped something out of a sack and brought it to
them and told them both to hold their feet's on a log near by. The soldier took a hand full of the
stuff and rubbed it in the cuts on the bottom of their feet. He said he noticed that the stuff the
soldier put on their feet looked like salt. Sure enough it was salt. The soldier tied cloth over their
feet and told them not to take them off. He said the tears were rolling down his cheeks. He said
all the soldiers came and stood around them laughing. He said they rolled and twisted for about
two hours, and they also rubbed salt in the wounds on their seats and backs where they jabbed
them with the soldiers’ big knife. As he called it. Two or three days later the chief soldier told
them they could go back. They were then given meat and bread. All they could pack. He said
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they started on their back journey, he said it was all most difficult for them to walk, but wrapped
a lot of cloth around their feet and by doing so made their way alright. He said the meat and
bread got too heavy for fast traveling so they threw the meat and some of the bread away.
Looking back all the time thinking that the soldiers would follow them and kill them. Now and
then they would side track and look back to see if the soldiers were following them. After seeing
no soldiers following they would start out for another run. He said they traveled in such manner
until they got to their home. He said to himself. Here I am not to see my mother and sister but to
see their blood scattered over the ground like water and their bodies for coyotes to devour. He
said he sat down under a tree and cried all day.
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Appendix B. Geology Section of the Big Valley Ground Water Recharge
Investigation Update (Christensen Associates Inc. 2003) Figure 5-4 included.

5 .2 REGIONAL GEOLOGIC AND TECTONIC SETTING OF THE BIG
VALLEY AREA

The Big Valley area is part of the large intra montane structural depression referred to as
the Clear Lake Basin, located in the south central part of the northern Coast Ranges of
California. The tectonics of this region is broadly dominated by the regional right shear of the
San Andreas Fault system, part of the Pacific-North American plate boundary. This tectonic
system is manifested by long relatively continuous right lateral strike slip faults oriented parallel
to the NNW-SSE trend of the San Andreas fault along the coastline to the west. The strike slip
faults form a pronounced regional grain that is seen both in the geologic structure (Figure 5-1)
and in the terrain (Figure 5-2).

As shown on Figure 5-1, the Clear Lake Basin occupies the central part of a large
structural block defined by the Mayacama fault zone on the west and the Bartlett Springs fault
zone on the east. This block is internally deformed by a complex pattern of faulting which,
however, is also dominated by strike slip faults oriented parallel to the block boundary faults.
Interactions among these faults during late Cenozoic including late Quaternary time have
resulted in formation of the greater Clear Lake structural depression that includes both Big
Valley and the constructional landforms of the Clear Lake volcanics.

Figure 5-2 shows the principal faults that appear to form the Quaternary structural
framework of the greater Clear Lake Basin. Some of these faults have established names (e.g.
Collayomi, Big Valley faults) while others are assigned names herein for convenience of
reference (e.g. "Clear Lake", "Scotts Valley", "Kelsey Creek" faults).

The gross structural pattern shown on Figure 5-2 is one of several linear NNW-SSE
oriented faults, the general trends of which are interrupted by more westerly oriented cross faults
in the Big Valley area. Overall, however, the principal fault reaching this area from the southeast
is the Collayomi fault which dies out northward between Big Valley and Mount Konocti in the
southwest part of the basin, and the principal faults extending to the north are the Clover Valley
and Clear Lake faults on the northeast side of the basin. This pattern describes a "right stepover"
of lateral movement which in a right lateral fault system, results in a local region of extension that
tends to be expressed by a structural depression and, at the surface, a topographic basin such as, in
this case, the Clear Lake Basin. This mechanism is illustrated on Figure 5-3 diagrams A and B,
and its application to the Clear Lake structural depression is noted in McLaughlin, 1981, among
others. Figure 5-3 diagrams C and D illustrate the compressional effects that result from a left
step of faults in a right slip system. As is discussed in Section 5.4 we consider this mechanism to
be a likely explanation of the uplift of the Kelseyville Formation in the southern part of Big
Valley.
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5.3 GEOTECTONIC EVOLUTION OF THE CLEAR LAKE BASIN AND
VOLCANICS

Various aspects of the geotectonic evolution of the Clear Lake basin and the Clear Lake
Volcanics are discussed in the series of articles that are presented in U.S. Geological Survey
Professional Paper 1141. The two aspects that have special relevance for this ground water
investigation update are:

1. The structural evolution of the Clear Lake intra montane basin, and

2. Some of the eruptive history of the Clear Lake volcanics field.

These provide the basis for defining the conditions of the present ground water regime in
Big Valley.

McLaughlin (1981), Hearn and others (1981), and Sims (1988) all cite evidence that the
eruption of the Clear Lake volcanics began around 0.6 ma or possibly as early as 1.1 ma. This
eruptive activity formed the earliest positive evidence for the existence of a structural depression
in the area of the present Clear Lake basin. However, this followed development of the
structurally similar Cache basin to the southeast, starting around 2.9 ma, with sedimentation
there continuing to <1.66 ma. The initiation of deposition of the mainly lacustrine Kelseyville
Formation is thought to have been roughly contemporaneous with eruption of the rhyolite of
Thurston Creek, age dated as about 0.6 ma. Sedimentation continued in a basin corresponding in
location to present day Big Valley and the main body of Clear Lake until around 0.3 ma, and
included the air fall deposition of the Kelsey lapilli tuff that now forms an important aquifer in
the central and upper Big Valley area. The Kelsey Tuff is thought by Hearn and others (1988) to
have been erupted from a vent on or south of Mt. Konocti and to be around 0.35 to 0.4 ma.
Construction of the Clear Lake volcanic field including its principal edifice, Mt. Konocti,
occurred during and following deposition of the Kelseyville Formation in the contiguous shallow
lake. Despite the proximity of this eruptive activity, the Kelsey Tuff is the only known deposit of
fragmental volcanic debris in the mostly fine-grained Kelseyville strata. Detailed analysis of
cores of the basin sediments of Clear Lake has shown, however, that numerous layers of silt and
clay-like volcanic ash are present throughout both the younger basin deposits and the older, but
otherwise similar Kelseyville strata.

The eruptive activity of the Clear Lake volcanic field continued long past the
termination, owing to uplift, of deposition of the Kelseyville Formation. The youngest known
eruptive activity produced an obsidian flow about 10,000 years ago, and geothermal activity
continues at present.

5 .4 QUATERNARY STRUCTURE, STRATIGRAPHY AND LAND FORMS
OF THE BIG VALLEY AREA

From mid to late middle Pleistocene time (c. 0.6-0.3 ma), the Pleistocene Big Valley –
Clear Lake basin was the site of essentially continuous deposition as it gradually subsided. The
subsidence was partly an on-going tectonic structural process but may also have resulted in some
degree from transfer of magma from the underlying chamber to the surface as the Clear Lake
volcanics eruptions continued. Studies of the paleontology and palynology (fossil pollen)
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content of the Kelseyville strata show that they mostly accumulated within a shallow freshwater
lake, although the lake receded enough for a forest to grow during at least one interval. At
around 0.3 ma, however, the Big Valley area was uplifted above lake level, and the streams that
had supplied the Kelseyville Formation sediment now began to flow across and erode the
uplifted area.

It appears that the uplift of the southerly half of the Big Valley area resulted from an
episode of tectonism involving the interaction between the two major strike slip faults consisting
of the Collayomi fault on the east and the Scotts Valley fault on the west, that formed the
structural boundaries of the Big Valley basin as shown on Figure 5-4. This interaction appears to
have been related to the compressional left stepover between the north end of the Collayomi fault
and the south end of the Scotts Valley fault, across the Big Valley basin, and probably was
triggered by an episode of right slip on one or both of these faults. The resulting compression
was accommodated by thrust and left lateral movement, on NE-SW oriented cross faults, and by
south side up thrust uplift along the WNW-ESE oriented Big Valley fault. Based on an
approximate correlation between the exposed uplifted upper surface of the Kelseyville Formation
at 1,640 feet elevation and the base of the basin deposits present along the southern part of Big
Valley at about 1,215 feet elevation, the vertical displacement across the Big Valley fault may be
roughly 400-425 feet.

The landform that existed in the Big Valley part of the Big Valley-Clear Lake basin as
the post c.0.3 ma fault uplift progressed was of a valley floor terrace that terminated on the north
at a degrading fault scarp lake shoreline. The geomorphic form of the lower canyons of Kelsey,
Sweetwater and possibly even Cole Creeks south and southeast of Big Valley suggest that the
drainage from the watersheds of these canyons may have continued northwest to join the flows
of Adobe and Highland Creeks at this time. The combined flow of the four or five drainages
then continued across the newly exposed Big Valley former lake floor and entered the now
reduced Clear Lake basin. This eventually resulted in the erosional excavation of the Adobe
Creek valley and the deposition of a delta in the new south margin of the Clear Lake basin.
Ultimately, the bottom of the new valley reached an elevation of about 1,280 feet, which is the
approximate elevation of the present bottom of Clear Lake. The valley was then backfilled to
its present surface elevation of about 1,380 feet, possibly as a result of reduced flow when
Kelsey Creek was diverted back to its present course along the east margin of Big Valley.

The history of the drainage of Kelsey Creek between its source in the mountains
southeast of Big Valley and the Clear Lake Basin is of considerable significance for the
understanding of the present geohydrologic regime of Big Valley.

The patterns of both elevations and thickness distribution of the A3 and "Ash" aquifers
in the Kelseyville Formation suggests that the deposition of both units reflects the existence of
channels entering the Pleistocene Big Valley basin from its southwest and southeast corners.
This was similar to the present drainage pattern with Adobe and Highland Creeks entering and
flowing down the west side of the valley and Kelsey and Cole Creeks entering on the southeast.
During accumulation of the Kelseyville Formation, however, the Kelsey/Cole Creek drainage
appears to have followed northwest-aligned channels that extended diagonally across the center
of the basin, as shown on Figure 5-9.
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This pattern changed with the partial disruption of the basin that resulted from uplift of
the ground south of the Big Valley fault. At that time, the tectonism that gave rise to the uplift
and local tilting of the Kelseyville Formation apparently also shifted the course of Kelsey and
probably also Cole Creeks, where these creeks flowed across the Collayomi fault southeast of
Big Valley. Following this derangement, the outlet of Kelsey Creek into the Big Valley basin
was shifted to the southwest corner of the valley, resulting in a single principal discharge of
Kelsey, Adobe and Highland Creeks into the valley that underlies the present Adobe Creek
floodplain along the west side of the basin. The coarser alluvium carried by the combined
drainage through this valley was then deposited as the delta in the new lake margin to form the
A2 aquifer, as shown on Figure 5-7.

This pattern of deposition was modified by a subsequent diversion of the course of
Kelsey Creek upstream from Big Valley, back to a point of entry in the south center of the
valley basin margin.

Following this diversion, which probably occurred in response to deformation along the
Kelsey Creek fault as shown on Figure 5-4? Kelsey creek eroded a new channel floored by
Kelseyville Formation and graded to the delta that had been deposited along the south margin of
the smaller Clear Lake basin at the base of the Big Valley fault scarp. The revised drainage
pattern then resulted in the development of a pair of younger outwash deltas that coalesced and
continued the encroachment of Big Valley into the remaining Clear Lake Basin, forming the A1
aquifer system.
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Appendix C. Detailed Soil Information from the Lake County Soil Survey.

The United States Department of Agriculture Soil Conservation Service, now known as
the USDA Natural Resources Conservation Service, has mapped and described the soils of Lake
County (USDASCS 1989). The survey divides the land area into map units consisting of one or
more major soils. The survey was done in greatest detail for the cropland and urban areas in
valleys and lesser detail in the hills and mountains. Because of the reduced mapping detail in
hills and mountains, it is more common to find map units with more than one soil in these areas.
These units are called complexes when soils are found in such small areas that they cannot be
shown separately on a map and associations when it was not considered necessary to map them
separately.

The soil survey contains a great deal of information on the soils, including a description
of the soil profile, chemical and physical properties of the soils, engineering index properties,
and soil and water features. It describes suitability of soils for uses such as agriculture,
rangeland, timber and fire production, recreational development, building site development,
sanitary facilities, construction materials, and water management.

Map units in the Kelsey Creek watershed with a total area greater than 200 acres are
listed in the table below. These map units represent 90% of the area of the watershed. Almost
all of the soils with a slope less than 5% are considered prime farmland, although the soil survey
also details limitations for agriculture due to poor or excessive drainage, or nutrient availability
for many of these map units. The survey also indicates that most of the soils considered suitable
for timber production formed on volcanic parent material.
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Table C. Slope, total area, parent material, and suitability for agriculture and timber production
for soil map units with an area greater than 200 acres in the Kelsey Creek watershed (USDASCS
1989).

Map
Unit # Map Unit Name

Slope
(%)

Total Area
(acres) Parent Material

Prime
farmland

Timber
production

121 Clear Lake clay, drained, cool 0-2 699 Lacustrine deposit x

122 Clear Lake Variant clay, drained 0-2 708 Lacustrine deposit x

123 Cole clay loam, drained 0-2 1361 Alluvium x

125
Cole Variant clay loam, calcareous
substratum 0-2 289 Alluvium x

132 Forbesville loam 2-5 291 Alluvium x

157 Landlow Variant silty clay loam 0-2 485 Lacustrine deposit x

233 Still loam, stratified substratum 0-2 1339 Alluvium x

234 Still gravelly loam 0-2 317 Alluvium x

117
Bottlerock-Glenview-Arrowhead
complex 5-30 914 Volcanic rock x

127 Collayomi-Aiken-Whispering complex 5-30 2493 Volcanic rock x

128 Collayomi-Aiken-Whispering complex 30-50 1470 Volcanic rock x

129 Collayomi-Whispering complex 30-50 566 Volcanic rock x

134 Forward Variant-Kidd association 30-50 752 Volcanic rock x

148 Kidd-Forward complex 5-30 448 Volcanic rock x

170 Maymen-Etsel-Speaker association 30-50 555 Sedimentary rock x

226 Speaker-Maymen-Marpa association 50-75 310 Sedimentary rock x

228 Speaker-Sanhedrin gravelly loams 50-75 293 Sedimentary rock x

245 Whispering-Collayomi complex 50-75 665 Volcanic rock x

104 Asbill clay loam 5-8 207 Sedimentary rock

107 Bally-Phipps complex 15-30 1153 Alluvium

108 Bally-Phipps-Haploxeralfs association 30-75 350 Alluvium

113 Benridge-Konocti association 30-50 772 Volcanic rock

133 Forbesville loam 5-15 589 Alluvium

141 Henneke-Montara complex 8-15 742 Ultramafic rock

142 Henneke-Montara-Rock outcrop complex 15-50 3500 Ultramafic rock

151 Konocti-Benridge complex 50-75 347 Volcanic rock

166 Maymen-Etsel-Mayacama complex 15-30 466 Sedimentary rock

167 Maymen-Etsel-Mayacama complex 30-75 1797 Sedimentary rock

169 Maymen-Etsel-Snook complex 30-75 546 Sedimentary rock

171 Maymen-Hopland-Etsel association 15-50 595 Sedimentary rock

172 Maymen-Hopland-Mayacama complex 9-30 321 Sedimentary rock

173 Maymen-Hopland-Mayacama association 30-50 2524 Sedimentary rock

174 Maymen-Hopland-Mayacama association 50-75 1220 Sedimentary rock

175 Maymen-Millsholm-Bressa complex 30-50 577 Sedimentary rock

193 Okiota-Henneke-Dubakella association 15-50 706 Ultramafic rock

207 Skyhigh-Asbill complex 8-15 293 Sedimentary rock

208 Skyhigh-Asbill complex 15-50 545 Sedimentary rock

249 Xerofluvents-Riverwash complex 0-2 309 Alluvium
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Appendix D. Information Sources for Watershed Users.

Website addresses current as of January 2009.

Watersheds
“Stream Care Guide, Landowner’s Guide to Healthy Watersheds in Lake County”. This booklet,
prepared in 2001by the East Lake and West Lake Resource Conservation Districts provides a
wealth of information and suggested resources for landowners. It is available at the NRCS office
and Lake County Public Works Department.

“California Forest Stewardship Program, Information for Landowners”. This site contains
information under the headings assistance, conservation easements, fire info, general interest to
forest land owners, management practices, noxious weeds, pest management, planning, planting,
resources, roads, species spotlight, taxes, watersheds and wildlife.
http://www.ceres.ca.gov/foreststeward/html/landowners.html

“Know Your Watershed” website has a primer on the connectivity between the watershed and
the lake and the ways in which watershed residents affect the lake and vice versa.
http://www.ctic.purdue.edu/KYW/Brochures/ReflectingLakes.html

A brief understanding of a watershed and watershed management for the lay person can be found
at http://conservation.ca.gov/dlrp/wp/Documents/California%20Watershed%20Program.pdf

“California Watershed Assessment Manual, Volumes I and II”. Provides information and
guidance on conducting a watershed assessment so that some standardization is possible across
different watersheds. Volume I gives excellent background on watershed processes, and
discusses a watershed assessment approach. Volume II covers how and what to monitor, and
how to analyze data for a watershed assessment. http://www.cwam.ucdavis.edu/

“Handbook for Developing Watershed Plans to Restore and Protect Our Waters”. Published by
the EPA in March 2008 this book helps communities, watershed organizations, and state, local,
tribal and federal environmental agencies develop and implement watershed plans to meet water
quality standards and protect water resources. This book supplements the California guide,
CWAM.
http://www.epa.gov/owow/nps/watershed_handbook

EPA online “Training in Watershed Management”. This site offers information on watershed
management, watershed processes, and much more. http://www.epa.gov/watertrain/

Fire and Fire Safety
The California Forest Stewardship Program has a website with a range information for
landowners including fire safety, forest management, invasive weeds and more at
http://www.ceres.ca.gov/foreststeward/html/landowners.html
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CAL FIRE Fire and Resource Assessment Program (FRAP). FRAP provides extensive technical
and public information for statewide fire threat, fire hazard, watersheds, socio-economic
conditions, environmental indicators, and forest-related climate change.
This site gives access to maps and GIS data on fire and natural resources that are related to fire
hazard. http://frap.fire.ca.gov/

“CAL FIRE General Guidelines for Creating Defensible Space”. This document describes
defensible space requirements for buildings as required by Public Resources Code 4291.
http://www.fire.ca.gov/cdfbofdb/pdfs/4291finalguidelines2_23_06.pdf

Public Resources Code with respect to defensible space can be found at
http://www.leginfo.ca.gov/cgi-bin/displaycode?section=prc&group=04001-05000&file=4291-
4299

CAL FIRE Wildland hazard and building codes web page. This site gives information on
building code requirements in fire hazard areas.
http://www.fire.ca.gov/fire_prevention/fire_prevention_wildland.php

Geology
One of the more comprehensive web sources for geology information is
http://geology.usgs.gov/index.htm . USGS Geology efforts characterize and map the geological
landscape in terms of geochemical and geophysical data to address major societal issues that
involve geologic hazards and disasters, climate variability and change, energy and mineral
resources, ecosystem and human health, and ground-water availability.

Soils
“The Soil Survey of Lake County, California” prepared by the USDA, Soil Conservation Service
is the detailed source for mapped and descriptive soil information for farmers or ranchers,
homebuyers, planners, community decision makers, engineers, developers, builders,
conservationists, recreationists, agronomists, and specialists in wildlife management, waste
disposal and pollution control. The map scale is 1mile = 2.625”.

The Soil Conservation Service is now known as the Natural Resource Conservation Service
(NRCS), a division of USDA. This agency is a wealth of information for web-based soil
information and Farm Bill programs that can give financial assistance to farmers and ranchers for
resource conservation management practices.
http://soils.usda.gov

Hydrology and Water Quality and Quantity
The USGS is a good source for water resource information, on surface water,
http://water.usgs.gov/osw, and ground water, http://water.usgs.gov/ogw.

From the “Know Your Watershed” website coordinated by the Conservation Technology
Information Center a number of guides have been written to aid watershed partnerships
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understand the basics. One such guide is, “Groundwater and Surface Water: Understanding the
Interaction”.
http://www.ctic.purdue.edu/KYW/Brochures/GroundSurface.html

Plants, wildlife and fish
The California Department of Fish and Game has descriptions of habitat types at
http://www.dfg.ca.gov/biogeodata/cwhr/wildlife_habitats.asp#Tree

For botanists at every educational level, wanting information on wild California plants for
conservation, education and appreciation this site has it all. It includes a “What Grows Here”
database where users select a place in California, can be a town, zip code, etc., and find what
plants have been observed growing there.
http://www.calflora.org

For a current listing of special status plants and animals in California go to this website:
http://www.dfg.ca.gov/wildlife/species/list.html

The California Native Plant Society is one source for Lake County’s rare and endangered plant
species. The California Department of Fish and Game website has current lists of all sensitive
species, animals and plants, indexed in many different ways.
http://cnps.web.aplus.net/cgi-bin/inv/inventory.cgi
http://www.dfg.ca.gov/wildlife/species/t_e_spp/index.html

Tules, Scirpus spp., is a protected species according to Lake County law,
http://municipalcodes.lexisnexis.com/codes/lakeco/

Information on Clearlake Hitch can be found on the Chi Council website
http://lakelive.info/chicouncil/index.html

California Partners in Flight (CalPIF) has information on birds and conservation of important
bird habitat at http://www.prbo.org/calpif/plans.html

Invasive Species
Global Invasive Species Team (GIST). Associated with The Nature Conservancy, GIST
implemented a webipedia in 2008 on non-native, invasive species (animals and plants) in
terrestrial, freshwater and marine ecosystems (invasipedia). It allows anyone to identify noxious
species in your area and learn how to control, eradicate and prevent invasions.
http://tncinvasives.ucdavis.edu/

National Invasive Species Council Information Center is the gateway to invasive species
information; covering Federal, State, local, and international sources.
http://www.invasivespeciesinfo.gov/index.shtml/
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CDFA Plant Health and Pest Prevention Services has a variety of information on exotic plant
pests and diseases. http://www.cdfa.ca.gov/phpps/

One invasive plant, hydrilla that was introduced to Clear Lake in the early 1990s, has been under
a mandatory CDFA eradication program since 1994.
http://www.cdfa.ca.gov/phpps/ipc/hydrilla_hp.htm

CDFA’s noxious weeds site can be queried by scientific and common name, country of origin, or
CDFA pest rating.
http://www.cdfa.ca.gov/phpps/ipc/encycloweedia/encycloweedia_hp.htm

California Invasive Plant Council is a non-profit organization that maintains an invasive plant
inventory database of approximately 200 species. Cal-IPC assigns its own pest rating system
(separate from CDFA) reflecting the level of each species negative ecological impact in CA.
http://www.cal-ipc.org/

USDA NRCS noxious plants database is similar but older than the CDFA site:
http://plants.usda.gov/java/noxiousDriver

California DFG has a website on nuisance and exotic (not native to CA) wildlife species
http://www.dfg.ca.gov/wildlife/species/nuis_exo/

For more information on aquatic species the USGS site on non-indigenous aquatic species is the
web reference site for the Florida Integrated Science Center, the central repository for non-native
aquatic species: http://nas.er.usgs.gov/default.asp

The aquatic species that Lake County is determined to keep out of all waterbodies in the county
are the zebra and quagga mussel.
http://www.dfg.ca.gov/invasives/quaggamussel/

Land Use
The best source of land use information is the Lake County General Plan:
http://www.co.lake.ca.us/Government/Directory/Community_Development/2008FinGP.htm

The Code Enforcement Division of Lake County has produced a matrix of agency/department
responsibilities for all manner of land use violations available at this website.
http://www.co.lake.ca.us/Assets/CDD/CodeEnforcement/Code+Violations+and+Process/Violati
on+information.pdf
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Appendix E. Erosion Hazard Analysis Methods.

“Summary of Metadata from Soil Erosion Analysis” performed by James Komar, NRCS. This
analysis was received April 3, 2009.

Surface erosion risk, or the hazard of soil loss from off-road and off-trail activities on
disturbed sites, was determined with criteria based on the USDA-NRCS National Forestry
Manual. Ratings were made for sites where disturbance was defined as 50-75% of the surface
exposed by logging, grazing, mining or other activities. The NRCS Soil Surveys describe soil
conditions based on map units, mapped areas of similar soil. Ratings of slight, moderate, severe,
and very severe were created based on a combination of soil erodibility factor, Kw, and the
percent slope. Kw represents both how susceptible soil particles are to detachment and how
rapidly run-off occurs from the soil. The soil erodibility factor for the thickest mineral horizon
in the 0-15 cm range for each map unit was used. Many map units include a range of slopes (e.g.
2-5% slopes). For this analysis, the percent slope used is the average value for the map unit.

A rating of "slight" indicates that erosion is unlikely under ordinary climatic conditions;
"moderate" indicates that some erosion is likely and that erosion-control measures may be
needed; "severe" indicates that erosion is very likely and that erosion-control measures, including
re-vegetation of bare areas, are advised; and "very severe" indicates that significant erosion is
expected, loss of soil productivity and off-site damage are likely, and erosion-control measures
are costly and generally impractical. The ratings are summarized below in Table 1.

Table 1. K factor and slope combinations for determination of hazard of surface erosion from
off-road and off-trail activities on disturbed sites.

Slope %
Soil Erodibility Factor Kw < 0.35 0-14 15-35 36-50 >50
Soil Erodibility Factor Kw > 0.35 0-9 10-25 26-40 >40
Resulting surface erosion hazard SLIGHT MODERATE SEVERE VERY

SEVERE

The following factors were combined to define overall soil slippage risk where:

Overall slippage risk = (climate value*slope)/SSR

Climate value = 100 year, 24 hour precip. * average annual precipitation

The 100 year 24 hour precipitation intensity (100 year, 24 hour precip.) layer comes from the
most recent PRISM climatologically data available through NOAA for the area of Lake County,
CA.

NOAA Data is available here
http://www.nws.noaa.gov/oh/hdsc/PF_documents/Atlas2_Volume11.pdf
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The NRCS PRISM data program can be reviewed here
http://www.wcc.nrcs.usda.gov/climate/prism.html

Storm event data was originally in raster feature data, but was converted from polygons to raster
grid cells on 500 meter square raster grids base on precipitation ranges.

The average annual precipitation data is the most recent climatological data available through
NOAA for the area of Lake County, CA.

Slope is the average value for the slope for a soil map unit that most overlays a grid cell.

SSR (soil slippage rating) is a rating of 1, unstable, 2, moderately unstable or 3 slightly unstable
based on parent material, slope range and geomorphic position/modifier as guided by NSSH part
618 exhibit 17 soil slippage rating guidance.

It is acknowledged that the SSR values of 1,2,3 are somewhat arbitrary, however the approach is
reasonable as long as the focus remains on gradients of risk rather than specific index
assignments of risk.

Definition. Soil slippage hazard is the possibility that a mass of soil will slip when these
conditions are met: 1) vegetation is removed, 2) soil water is at or near saturation, and 3) other
normal practices are applied. Increasing the hazard of slippage but not generally considered in
this rating are: 1) undercutting lower portions or loading the upper parts of a slope or 2) altering
the drainage or offsite water contribution to the site such as through irrigation. See
http://soils.usda.gov/technical/handbook/contents/part618ex.html#ex17

The specific assignments are as follows:
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Specific Assignments

Parent Materials Group
Slope
Rv Geomorphic Position

Geom
Modifier

Soil
Slippage
Rating
Assignment

Residuum Sandstone Shale Mountains
S and
West 2

Residuum Sandstone Shale Mountains N and E 2

Residuum Sandstone Shale Mountains
N and E
on 2

Residuum Sedimentary
Rock Mountains, Hills 2

Resid Sandstone Shale Mountains
Int and
Lower 1

Residuum Sandstone Shale Mountains E and N 2

Alluvium
Slope
>= 5%

Hills, Terraces RV
Slope >= 5% Dissected 1

Alluvium

< 5%
RV
Slope

Floodplains, Terraces <
5% RV Slope 3

Alluvium Derived From
Mixed Floodplains 3
Alluvium Derived From
Sandstone and Shale Floodplains, Teraces 3
Lacustrine Floodplain/Basin 3
Residuum Rhyolite Mountains 2
Residuum Andesite Mountains 2
Residuum Basalt Mountains 1
Residuum Graywacke Mountains Unstable 1
Resid Ig Met Sed 1
Resid Metavolcanics Hills 2
Resid Obsidian Hills 1
Residuum Sandstone Mountains Unstable 1
Resid Serpentine Mountains 1
Resid Shale and Siltstone Hills 2
Sands and Gravels Floodplains 3
Volcanic Ash Hills 2

All layers were projected to UTM zone 10, NAD 1983.
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Appendix F Aerial Photos
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